Study objective: Palliative care has been shown to reduce end-of-life emergency department (ED) use. Our objective was to determine how the association of community-based palliative care with reduced ED visits in the last year of life varied by patient factors.
INTRODUCTION
Emergency department (ED) use increases significantly toward the end of life. [1] [2] [3] [4] Numerous studies have reported that community (home)-based palliative care for people with life-limiting conditions is associated with reduced use of acute care health services. [5] [6] [7] [8] [9] Although multidisciplinary palliative care has been demonstrated to reduce acute care service use, not all use of the ED is unwarranted. A study of cancer patients receiving outpatient palliative care in the United States reported that 77% of ED visits were unavoidable. 10 However, even if most ED visits of cancer patients in the last 2 weeks of life result in hospital admission, it does not necessarily mean that the patient could have been managed only in the acute care setting. 11 Ideally, high-quality palliative care should be able to manage the most common acute symptoms of the dying person without hospitalization.
Historically, palliative care evolved to meet the end-oflife needs of cancer patients. It has since become apparent that it benefits noncancer terminal conditions such as renal failure, heart failure, chronic obstructive pulmonary disease, and liver failure, although access to and quality of palliative care for these conditions could be improved. [12] [13] [14] [15] In Australia, there has been evidence of this improved access to palliative care in noncancer conditions during the last 10 years.
Editor's Capsule Summary
What is already known on this topic Palliative care reduces emergency department (ED) use near the end of life.
What question this study addressed
This study examined ED use during the final year of life among 11,875 patients in Western Australia, of whom 32% received at least some palliative care. The effect of palliative care on ED use among patient subgroups is examined.
What this study adds to our knowledge Overall, patients receiving community-based palliative care were less likely to seek ED care. The reduction in ED visits associated with palliative care was greater for older patients, patients living in higher socioeconomic status areas, and those with fewer previous ED visits.
How this is relevant to clinical practice
These observational findings suggest that the influence of palliative care on ED use at the end of life is not uniform. considered amenable to palliative care. A linked deidentified extraction of all hospital admission records, death records, hospital ED visits, and community-based care records was obtained from the Data Linkage Branch, Western Australian Department of Health. The ED presentations from 365 days before the date of death until death (ie, the last year of life), as well as place of residence at each hospital admission and at death, were available for each decedent. Ethical approval was obtained from Curtin University and the Western Australian Department of Health Human Research Ethics Committees.
The final cohort was selected from death registration records. People who died with conditions amenable to palliative care in Western Australia from January 1, 2009, to December 31, 2010 , and who were aged 20 years or older were identified. This was achieved by searching part 1 of the death certificate (underlying causes of death) for any mention of the most frequent conditions amenable to palliative care identified by Rosenwax et al, 17 namely, neoplasia, heart failure, renal failure, liver failure, chronic obstructive pulmonary disease, Alzheimer's disease, motor neuron disease, Parkinson's disease, Huntington's disease, and HIV/AIDS. The underlying antecedent cause of death took precedence over more direct causes of death when more than one condition amenable to palliative care was present. 18 Because of small sample sizes, decedents with motor neuron disease, Parkinson's disease, Huntington's disease, and HIV/AIDS were excluded. Decedents with Alzheimer's dementia were also excluded because we have published a detailed analysis of ED use and palliative care in this group elsewhere. 19 Community-based palliative care was defined as the palliative care provided by the nonprofit organization Silver Chain Western Australia, 20 which provides more than 90% of in-home palliative care in Western Australia. Their community-based palliative care service area is largely based in the major metropolitan city of Perth, where approximately 75% of the state population resides. The community-based palliative care service is 24-hour in-home specialist nursing and, where required, medical service provided by primary care physicians and palliative care specialists. 21 Care includes at-home physical care and practical support, symptom management (for example, pain and nausea), counseling, a respite option, and links to other community, spiritual, and government services. Silver Chain also provide a palliative nurse consultancy service to public and private hospitals and residential care facilities where patient care is managed by a registered nurse 24 hours a day. A palliative rural telephone advisory service offers specialist advice and knowledge to rural service providers in regard to the palliative care needs of specific patients.
Access to community-based palliative care requires referral from a medical practitioner or hospital for patients with active, progressive, terminal illness requiring symptom management. This generally occurs within 3 months of death but can be 12 months or more from death. It has been reported that patients with life-limiting conditions with slow or fluctuating trajectories that required longerterm palliative care may have more difficulty accessing it. 22 An ED visit was defined as the first presentation of the day to an ED whether it resulted in a hospital admission or not. Multiple presentations to the ED on the same day were considered a single ED visit. The ED visits that occurred as part of hospital transfers were excluded from the analysis. Available ED data included the triage category, hospital admission status, and presenting symptom. Coded presenting symptom information was available for major metropolitan public hospitals only (approximately 80% of ED visits). The number of previous ED visits that had already occurred in the last year of life at each ED visit was recorded.
Residential address was classified as private residence, residential aged care facility, other types of care facilities, or other/unknown. Marital status at death was classified as partnered or nonpartnered. Accessibility categories were based on the Accessibility/Remoteness Index of Australia (ARIAþ) index, 23 which measures accessibility to services by taking road distances to nearest service centers and population size into account. Socioeconomic status was estimated from the Index of Relative Social Disadvantage, which estimates the average social disadvantage of small geographic areas according to 17 measures, including education, income, occupation, and unemployment. 24 Comorbidity was defined as the presence of 1 or more of the 30 Elixhauser conditions recorded during inpatient hospital stays after exclusion of the principal condition leading to death. 25 Primary Data Analysis c 2 Tests were used to assess the equality of proportions. Linear regression models were used to assess equality of means across principal conditions, using neoplasia as the reference groups. Nonparametric K-sample tests for the equality of medians were used.
For the time-to-event (survival) analyses, a marginalmodels approach was used and multiple ED visits per decedent were accounted for with robust variance estimators. Each day in the last year of life of each decedent was assigned as no care (no hospital-or community-based palliative care), inpatient hospital care, or communitybased palliative care.
A decedent was not considered at risk of an ED admission while in the hospital, and his or her data were removed from the risk pool during each hospital stay (interval truncation). The Nelson-Aalen estimator of the cumulative hazard function was used to visualize the accumulated total average number of ED visits in the last year of life. 26, 27 Because decedents could switch between receiving palliative care and then not receiving it, the Figure does not necessarily represent the same group of decedents on any one day.
To easily visualize the baseline hazards, a flexible parametric proportional hazards model that used restricted cubic splines (Royston-Parmar models) was constructed. 28 Time-fixed (eg, sex) and time-varying covariates (eg, ED history and community-based palliative care state) variables were included. Time-dependent effects, ie, when the hazard ratio of a covariate changed over time (nonproportional hazards), were modeled as cubic splines. Interaction terms were included in the final model if the joint test of the 2 interaction terms or the test of an interesting partial interaction effect resulted in P<.05. Baseline complexity was described with 7 internal knots for the main model and 2 for the time-dependent effects. Stata (version 13; StataCorp, College Station, TX) was used.
RESULTS
There were 12,817 deaths in Western Australia from 1 or more of 10 conditions identified as being amenable to palliative care 17 during the study period (2009 to 2010). Of these, 11,875 decedents (93%) had 1 or more of the 5 most frequent conditions amenable to palliative care, namely, neoplasm, heart failure, renal failure, chronic obstructive pulmonary disease, and liver failure. This group of decedents formed the cohort of interest. Most of the Figure. A, The percentage of the decedent cohort who were hospital inpatients, visited an ED, or received communitybased palliative care each day during the last year of life. The percentage in the hospital on any one day increased up to 60% in the week before death and has been shown truncated here at 45 days before death to better fit the graph. B, The average cumulative number of ED visits during the last year of life if decedents had continuously received or not received community-based palliative care during that time. Estimated with the Nelson-Aalen cumulative hazard with the data structured that allowed decedents to switch between the care states according to actual service dates. Days spent in the hospital were removed from the risk period. the last year of life ( Table 1 ). The proportion of decedents who had 3 or more ED visits increased with younger age, remoteness, social disadvantage, and dying with liver failure. The proportion of decedents who did not visit an ED in the last year of life was greater for women, decedents with partners, and decedents dying from neoplasms. The presence of any one of the 30 Elixhauser comorbid conditions was associated with a greater proportion of ED visits compared with that for the cohort as a whole. Community-based palliative care was received at least once in the last year of life by 3,825 decedents (32%). Almost half (n¼3,481; 47%) of decedents with neoplasms received community-based palliative care compared with 13% (n¼26) of decedents with liver failure, 10% (n¼110) with chronic obstructive pulmonary disease, 8% (n¼91) with renal failure, and 6% (n¼117) with heart failure. A summary of ED and hospital use in the last year of life is shown in Table 2 , stratified by whether any communitybased palliative care was accessed at any time in the last year of life. Decedents who accessed community-based palliative care in the last year of life tended toward a lower mean number of ED visits per year, a greater proportion who did not visit the ED at all in the last year of life, and fewer ED visits leading to hospital admissions. Decedents who received community-based palliative care presented to the ED with less shortness of breath but more pain and nausea symptoms compared with other decedents. A higher proportion of decedents who received community-based palliative care were admitted to the hospital for acute care more often, although on average they stayed for shorter periods and spent less time in the ICU.
The proportion of decedents who visited the ED increased with closeness to date of death ( Figure A) . Similarly, a decedent's likelihood of receiving communitybased palliative care or being admitted to the hospital increased with closeness to death. Time-to-event analysis with interval truncation was used to describe the association of receiving community-based palliative care with ED visits because it could take into account both the changes caused by closeness to time of death and whether a decedent was at risk of an ED visit (ie, not in the hospital). The average accumulation of ED visit days in the last year of life was reduced during periods of receipt of community-based palliative care compared with no palliative care ( Figure B) . The data were structured to account for when individual decedents started and stopped community-based palliative care according to their actual service dates. Thus, Figure B is interpreted as the cumulative average number of ED visits that would accumulate if decedents continuously received or did not receive palliative care during the last year of life.
Multivariate time-to-event regression analysis was undertaken to determine whether the association of reduced rate of ED visits while patients were receiving communitybased palliative care remained after adjusting for patient social, demographic, and health-related variables (Table 3) . During periods of receipt of community-based palliative care, the ED visit rate was reduced by 50% (95% confidence interval 47% to 53%) compared with ED visit rates during periods of not accessing palliative care and after accounting for multiple other covariates. Other factors associated with reduced ED visits were older age at death, residing in a care facility, less social disadvantage, living in a major city, dying with heart failure or neoplasms, no history of ED visits, and not having additional comorbidity.
Although community-based care was associated with an average 50% reduced rate of ED visits, we wanted to determine whether the size of the reduction was modified by patient social, demographic, and health-related factors. The regression model in Table 3 was tested for significant interactions between receiving community-based palliative care and the other covariates. Five significant interaction terms were observed and showed that the association of community-based palliative care with reduced ED visits varied by decedent's age, partner status, residential location, level of social disadvantage, and ED history (Table 4) . Receiving community-based palliative care was associated with a greater reduction in ED visits with increasing age, having a partner, living in major cities, and living in areas of least social disadvantage (Table 4) . Although prior history of ED visits showed some variation in hazard ratios, there was no obvious trend. There was no evidence that the association of community-based palliative care with reduced ED visit rates varied by the principal condition underlying death, decedent sex, type of residence, or comorbid conditions.
LIMITATIONS
A limitation of this study was not being able to determine the severity of the underlying cause of death. It is likely that some decedents were not considered to be at the end stage of their disease and died earlier than might have been expected, perhaps while still receiving curative treatments or, in the case of organ failure, while awaiting an organ transplant. In these cases, the motivation for attending an ED would be different to decedents who had reached a terminal disease phase and who had accepted the need for palliative care. Other limitations included the reliance of data from a single provider of palliative care service and the lack of personal perspectives on why decedents ultimately decided to attend an ED.
DISCUSSION
In this large population-based study, periods of receipt of community-based palliative care in the last year of life Table 3 except that interaction terms between community-based palliative care and the 5 variables shown here were included. HRs for the other covariates included in this model did not vary significantly from those in Table 3 and are therefore not shown. ‡ ED history was entered into the model as a time-dependent time-varying covariate.
were associated with an average 50% reduction in rate of ED visits. Although a reduction in acute care service use has been consistently reported for end-of-life patients who receive community (home) care in Australia 19, 29 and internationally, [7] [8] [9] 30 the association with reduced ED use was similar for all 5 underlying cause-of-death conditions, sex, and living arrangements.
The association of community-based palliative care with reduced ED use in life-limiting conditions showed significant variation among several other patient characteristics. Although community-based palliative care was associated with a decreased rate of ED use at all ages, it appeared most effective in people aged 90 years and older. This association with a bigger reduction of ED visits by the most elderly receiving palliative care is possibly a reflection of different attitudes toward dying compared with that of younger decedents. A survey of older persons (average age 97 years) reported that most were ready to die, preferred being made comfortable rather than having lifesaving treatments, and wished to avoid hospitalization. 31 This may not be the case for younger decedents and their caregivers. It could be argued that younger decedents tended to have different life-limiting conditions leading to different symptom management needs compared with older patients. Our data lacked sufficient symptom detail to test this; however, an Italian study of people with advanced cancer in the weeks leading up to death found that there was no difference in symptoms between the age groups but that older patients required less palliative sedation. 32 This supports the idea that, at least in cancer, age variation of ED use in the last year of life may be driven by both attitude and symptom management.
The diminishing association of community-based palliative care on ED visit rate with greater distances from the major metropolitan center was not surprising because the single community-based care provider (Silver Chain Western Australia) in this study is based in the capital city. The service decreased to only nursing care or telephone advisory services in more remote areas. The rural and remote area of Western Australia covers 2,600,000 km 2 and was populated by just over half a million inhabitants during the study period. In addition, a separate Western Australia government-funded initiative to improve rural palliative care began implementation during 2009 to 2010, 33 potentially leading to some misclassification bias because decedents were increasingly able to obtain specialist palliative care from other sources. Despite this limitation, we were still able to detect a significant association of community-based palliative care with reduced ED visits for decedents living in rural and remote areas, signifying the value of the specialist palliative care telephone advisory service provided to local health personnel. This is supported by a recent study that demonstrated that professional palliative care education delivered by video conferencing to remote north Queensland (Australia) improved care provider confidence. 34 Decedents living in areas of less disadvantage showed a lower rate of ED visits compared with those living in areas of more disadvantage during periods of receiving community-based palliative care. Decedents who lived in areas of less disadvantage were more likely to have had additional financial resources to support community-based care; this may have had the effect of increasing the threshold for attending an ED. These decedents may also have had higher rates of health literacy and self-advocacy that influenced access to nonhospital care.
Part of the reduced rate of ED visits observed during periods when decedents received community-based palliative care appeared to be mediated through decedents' partners, who were presumed to have a caregiver role. This suggests that the community-based palliative care service provided a level of support that enabled carers to believe they need not take their partners to the ED so often. Although this is an encouraging finding, further research is required to ensure that optimal caregiver support is being provided in light of several studies that report some caregivers still lack confidence in managing pain, experience difficulty in communicating with the palliative care team, and struggle with accepting patient mortality. 35, 36 For the cohort as a whole, a history of ED use in the last year of life was associated with increased rates of further ED visits. Such an association has been reported previously, with frequent ED attenders more likely to have previous hospital admission, report mental health conditions, and experience social disadvantage and reduced access to primary care. 37 Although receipt of community-based palliative care was also associated with a reduction in the rate of ED visits in the cohort of frequent ED attenders, the reduction was of similar magnitude to those without an ED visit history. Research on how community-based palliative care programs could optimize patient confidence in home care for this patient subgroup is needed. However, a large proportion of ED visits in the last year of life resulted in hospitalization, suggesting that many ED visits were appropriate. A detailed US study reported that in cancer patients receiving outpatient palliative care, as many as 77% of ED visits could be classed as unavoidable. 10 Simply focusing on reducing the ED visit rate further without taking different patient factors into account could be harmful in some cases.
The advantage of this study was the large populationbased sample and use of administrative data sets that increased the generalizability of our findings and reduced institutional selection bias. The Australian health care system provides universal access to health care through a system of public and private insurance. The palliative care from Silver Chain Western Australia was provided free to the decedents, giving our study the advantage of being generalizable across a wide community base. However, when interpreting these findings, one must remember that each decedent's needs, expectations, and experiences of community-based palliative care would have been individual and influenced by factors such as age, trajectory of the underlying disease, level of family support, and acceptance of the condition. 38 In addition, communitybased palliative care services offered in other countries may be very different from those described here.
In conclusion, we report reduced rates of ED visits during periods when decedents were receiving community-based palliative care. This reduction was consistent regardless of underlying disease and comorbidities, sex, and whether a patient was living at home or in residential care. However, the magnitude of reduction in ED visits varied across decedent age groups, residential location, socioeconomic status, ED history, and partner. This demonstrates the importance of considering patient social, demographic, and health factors when planning community-based palliative care service delivery for the last year of life.
